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Resumo
Objetivou-se avaliar a influência da suplementação com glicerina bruta (GB) para ovelhas durante a gestação e início da lactação e seus efeitos sobre o peso e medidas corporais de suas crias do nascimento à desmama. Foram avaliados 24 cordeiros oriundos de 24 ovelhas do genótipo Lacaune x East Friesian distribuídas em quatro tratamentos que se diferenciaram quanto à suplementação de GB na dieta em (0;
Introduction
Profitability in the sheep industry is directly related to the number of lambs born alive and the annual weaning rate per ewe. Several studies have found birth weight to be one of the primary determining factors in lamb survival, and consequently, profitability. In the scientific literature, this association is based on the correlation between heavy lambs and losses during birth (i.e., labor dystocia), whereas low birth weights result in lower digestive capacity, endocrine immaturity, lower muscle DNA content, and consequently, higher pre-weaning mortality (ELTAWIL et al., 1970; BRADFORD, 1972; GAMA et al., 1991; MANDAL et al., 2008) . Thus, birth weight is reflective of genotypic and phenotypic factors, as well as being affected by birth type and order, lamb sex, and ewe body condition, among others.
Among the phenotypic factors, the effect of the ewes' nutritional level, especially during the final trimester of pregnancy is of importance and requires close attention because of greater fetus development during this period, leading to high nutrient demands by ewes to meet the increased energy requirements (SARGISON, 2007) . Within this context, current studies on crude glycerin (CG) are noteworthy because of its high glycerol content and energy potential, because glycerol acts as an important glucose precursor (CHUNG et al., 2007; OSBORNE et al., 2009; RICO et al., 2012; BOYD et al., 2013) . Thus, understanding the components that affect animal development, and consequently, the livestock system's production and profitability, is of importance. The goal of this study was to evaluate the effects of providing water supplemented with crude CG to ewes during pregnancy and at the onset of lactation on the weight and body measurements of their offspring from birth until weaning.
Materials and Methods
The experiment was conducted in 2014 at the Professor Hélio Barbosa Experimental Farm, Igarapé, MG, Brazil. The animals were used in accordance with the protocol approved by the Animal Experimentation Ethics Committee (CEUA, protocol 056/11).
Twenty-four pregnant ewes between 3-and 4-years-old, with a single fetus (Lacaune x East Friesian genotype) and a mean weight of 66.14 ± 6.23 kg were used. The ewes were distributed in a completely randomized design, allocated into four different treatments in respect to CG supplement (0, 1.5, 3.0, and 4.5% dry matter [DM] ).
The chemical composition of CG is shown in Table 1 . The rations (Table 2) were formulated to meet the nutritional demand for each category (pregnancy or lactation), according to that established by the NRC (2007) . CG was added to water and adjusted in relation to the ewes' total dry matter intake and water consumption, where the supplement was recalculated every four days according to the mean amount of feed leftover by the ewes during this period. The feed was divided into two meals (at 0800 and 1600). Water or a mixture of water plus CG was provided once daily at a total volume of 12 L.
The supplement was provided throughout pregnancy and lactation; however, the experimental period was restricted to 70 days of pregnancy until birth and a subsequent 45 days of lactation. From the beginning of the 70 days of pregnancy, live weight and body condition scores (BCS) were recorded every two weeks. For the latter, a scale from one to five was used according to the NRC (2007) , where a score of one corresponded to a very lean animal and a score of five to an obese animal. Weighing was performed in the morning before the first daily feeding. After lambing, the ewes accompanied their lambs (11 females and 13 males) for approximately six weeks (45 days). The ewes and their offspring remained together in individual stalls during the first 10 days post-lambing, during which time they were clinically examined and weighed.
Next, the controlled nursing management system was adopted, in which the lambs spent the night with their respective ewes and were removed the following day and allocated into separate stalls.
Beginning at birth, lamb body weight was monitored daily throughout the 45 days (nursing period). Lamb biometrics were evaluated every two weeks from birth until weaning, using a measuring tape and hipometer. Measurements were always taken in the afternoon and with the animal standing. The following measurements were evaluated: wither height (WH, distance from the highest point of the cranial border of the scapula to the ground); body length (BL, distance from the cranial border of the scapula to the greater tuberosity of the femur); thoracic circumference (TC, circumference of the thorax immediately posterior to the scapulas); chest width (CW, distance between the cranial border of the scapulas); shank length (SL, distance from the greater trochanter to the edge of the femorotibial joint); and shank width (SC, measurement taken around the medial portion of the leg, above the femorotibial joint).
Multiple regression, as a function of all the following covariates, was performed to evaluate the effect of providing ewes with water supplemented with CG. The covariates were lamb birth weight; dry matter intake throughout pregnancy (kg); BCS at insemination, mid-pregnancy, and end of pregnancy (linear and quadratic effects); ewe live weight (ELW) at insemination, mid-pregnancy, and end of pregnancy (linear and quadratic effects); CG content (linear, quadratic, and cubic effects); and lamb sex (male or female, 1 and 0, respectively). Covariates were selected using the stepwise procedure. Scenarios were simulated using the model obtained with all possible combinations of values of the independent variables selected, within the following ranges: CG, 0 to 6%, in 0.2% intervals; lamb sex, male or female; BCS, 1 to 5, in 0.1 intervals; and ELW from 40 to 90 kg, in 1.3 kg intervals. Simulations were run for 108,000
iterations. Based on the model's predicted birth weights, combinations of values for the variables were separated into quartiles based on the results obtained, thus allowing us to identify which combinations yielded lighter, intermediate, and heavier lambs at birth.
The biometrics measured were analyzed by fitting mixed linear models, in which the parameters were estimated using restricted maximum likelihood, where the effect of glycerin supplementation and phases (days in relation to lambing) were allocated as fixed effects and the lambs were allocated as a random effect in the model. The need to include functions to model any heteroscedasticity between glycerin levels for each variable was evaluated using the fitted Akaike's criterion (AIC). Autoregressive correlation structures were also used to detect error dependency between phases.
The statistical analyses were conducted in R (R CORE TEAM, 2014). The mixed models were fitted using the nlme package (PINHEIRO et al., 2013) , whereas the graphs were generated using the ggplot2 package (WICKHAM, 2009).
Results and Discussion
The model selected to evaluate the effects of providing water supplemented with CG to ewes was comprised of the four following variables: CG, crude glycerin content (%) in supplemented water provided to the ewes; lamb SEX (1 for male and 0 for female); BCS, corresponding to the body condition score (1 to 5, where 1 are lean and 5 are obese animals) of the ewes during the final trimester of pregnancy; and ELW, representing ewe live weight at lambing in kg:
CG content explained 5.2% of the variation observed (ω2, partial r 2 ), accompanied by BCS ω2 = 12.3%, SEX ω2 = 19.2%, and ELW ω2m = 26.5%; r 2 = 63%. The distribution of the results predicted by the model presented in Figure 1 indicated that lighter lambs, in which lamb weight [1] (LW) was lower than 3.98 kg, were the result of the combination of ewe weight (between 40 and 50 kg, approximately 7.80 to 9.95% of the EWL), CG supplementation at high or low levels (i.e., a quadratic response), and BCS of ewes (4 and 5). The combination of these factors warn of increased mortality at birth, considering that Nóbrega Júnior et al. (2005) emphasized that inadequate ewe nutrition during the last trimester of pregnancy leads to a shortened pregnancy and reduced lamb weight and vigor at birth. The combination also results in low energy reserves for neonates, and consequently, a metabolism that is less adapted to produce heat in response to the environment. Thus, the time that lambs remain standing to perform their first feeding is increased, making them more susceptible to the hypothermia/starvation complex, and consequently, may lead to death.
In contrast, heavier lambs, with LW greater than 5.5 kg, obtained in the simulation, were born from heavy ewes, between 80 and 90 kg (approximately 6.11 to 6.88% of EWL), that received between 2% and 4% CG, and had low BCSs. In this combination, the intermediate CG levels appear to be ideal in combination with the other factors described in the model, such as weight, BCS, and sex. Adequate nutrition is essential to maximize colostrum production and immunoglobulin concentration, and to overcome the hypothermia/ starvation complex, ensuring offspring survival and the profitability of the livestock system (AWEMUA et al., 1999) .
Several studies have suggested body score evaluation it is a precise and practical method to evaluate nutritional status in sheep (GUNN et al., 1984; RIBEIRO et al., 2003) . Ewes with low weight at lambing (score of 1-2.5) could produce less colostrum or lambs could have an altered ability to ingest or absorb the colostrum immunoglobulins (CHRISTLEY et al., 2003) . This study demonstrated that both ewe BCS and ELW affect lamb birth weight. However, we also demonstrated that small and heavy ewes, and those that had a high BCS, birthed light lambs, which implies that high energy intake in ewes limited muscle growth capacity, causing the lambs to be malnourished or have stunted growth during postnatal life (GREENWOOD et al., 2002; KENYON et al., 2006; BELL, 2006) . Ducker and Boyd (1977) focused on ewe weight combined with body score. When ewes had similar weights, but were small with a high body score, they exhibited a higher ovulation rate than large ewes with a lower score. Gunn et al. (1984) recommend a body score of 2.5 at insemination, suggesting that it is the minimum to attain acceptable ovulation rates.
Therefore, lamb survival is correlated to nongenetic factors, such as lamb sex, double births, ewe age, season, birth year, and birth weight (MORRIS et al., 2000; MANDAL et al., 2007; BINABAJ et al., 2013) . Lamb sex had the largest impact on birth weight, representing 27.5% of the variation found in this study; males weighed more than the females. Idris et al. (2010) reported that female lambs are born having lower weight than males; however, the higher value did not affect growth rates through weaning. Figure 1 . Frequency of the values assumed by the predictor variables (glycerin content, live weight, ewe body condition score, and lamb sex) and their respective predicted weights according to the fitted multiple regression model. Grayscale shading, from darkest to lightest, corresponds to the separation of the predicted birth weights into four symmetric categories: LW ≤ 3.98, 3.98 < LW≤ 4.72, 4.72 < LW ≤ 5.46, LW > 5.46. The ideal range for birth weight was from 3.5 to 5.5 kg in the New Zealand herds, as repor ted by Dalton et al. (1980) , and this corroborates results in the present study. Simulated lamb birth weight from 3.98 to 5.5 kg was achieved in sheep fed between 2.0 and 4.0 % CG, weighing between 60 and 70 kg, with a BCS between 2 and 4. However, attention should be given to selecting the matrixes, which should be done in order to achieve maximum birth weight. Birth viability should be considered, because dystocia is one of the causes of mortality in birthing heavier lambs (SAWALHA et al., 2007) .
The biometric results showed that providing water supplemented with CG to the ewes did not promote differences in weight from birth through weaning, and there was no significant effect for lamb sex during this period (Table 3 ). The biometric data reflect breed characteristics, and when development occurs under similar environmental conditions, there is little variation (AFOLAYAN et al., 2006) . This was likely the cause of the lack of differences detected in this study. Fajemilehin and Salako (2008) determined the thoracic circumference measurement best correlated with weight, both at birth and at weaning. However, in the present study, there was no effect of the treatments on this measurement. 
Conclusions
Providing water supplemented with CG to pregnant ewes does not alter body measurements of the lambs. Ewes with a larger body size and moderate scores birthed heavier lambs. Providing water supplemented with 2% to 4% CG to pregnant ewes increases lamb birth weight.
